Cryopreservation is currently the only widely applicable technique for the long-term storage of cells and other biological specimens without deterioration of their vital functions. There is rapid growth of specimen numbers in the fields of reproductive medicine [1] ; cancer treatment; regenerative medicine and tissue engineering [2] ; stem cells [3] and the storage of biopsies. This increases demands for suitable tools for quality control during preservation, for optimizing freeze/thaw protocols and for understanding the underlying mechanisms. The present work is focused on freezing of bio-specimens for reanimation purposes. Freezing applications beyond this scope, as e.g. snapshots of the biochemical status of a cell for subsequent chemical analysis or biomarker investigations on tissue specimens, may also benefit from the ability of this technique to reveal morphological and chemical changes during the freezing process.
Almost every cell line and biomaterial has different optimal freezing procedures depending on cell specific properties like hydraulic membrane conductance, osmotic active and inactive volumes and cytoplasm composition [4] . This leads to a vast array of freezing protocols for different cells to be found in literature. There is no comprehensive study in the correlations between many cellular characteristics and optimal freezing parameters. A mechanistic investigation on freezing injury upon different cooling rates including Here we report on the introduction of multiphoton laser scanning microscopy into cryo-biotechnology. This is a fluorescence 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 at which e -1 of incident photons remain unscattered) in two photon excitation is many times greater than in linear (single photon) excitation (scheme 1a) in the ice matrix and in biological matter.
Secondly, excitation probability varies non-linearly with illumination intensity (squared for two-photon excitation, cubed for three). Therefore fluorophores are excited essentially only in the subfemtoliter focal volume and each fluorescence photon arriving at the detector can unambiguously be attributed to this volume. 3D
resolution on the µm-scale is thus an inherent feature of focused multiphoton excitation, and no spatial filter (pinhole) is necessary.
This allows the wide-field collection of fluorescence light and, in
Deleted: [18] . For a general introduction into applications and instrumentation of FLIM the reader is referred to [19] and to [20] for a brief introduction into the molecular fundamentals of this technique.
Different types of biological samples were used to demonstrate the capabilities of multiphoton cryo-microscopy. L929 cells (DSMZ, Braunschweig, Germany) were cultured according to the standard protocols. L929 cells were displaced from the culture flasks and resuspended with culture medium. Dimethyl sulfoxide (DMSO, Wacker Chemie AG, Germany) was optionally used as cryoprotectant at 10% (by mass) in the freezing medium. It was added to the cell suspension and incubated for 30 min at 4 °C before freezing.
To analyze adherent cells, the L929 cells were cultivated for one day on glass cover slips. Cell suspensions and adherent cells were directly transferred to the sample chamber of the freezing unit.
Freshly collected leaves of Elodea densa were transferred to the sample chamber and immersed in water for the multiphoton cryo-Deleted: [16] Deleted:
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